Three experiments investigated the global effect with foveal distractors displayed in the same hemifield as more eccentric saccade targets. Distractors were x-letter strings of variable length and targets corresponded to the central letter of letter strings (e.g., 'xxxkxxx'). Results showed that only foveal distractors longer than four letters (about 1°) deviated the eyes in a center-of-gravity manner thus suggesting a dead zone for the global effect. Short distractors influenced the likelihood of small-amplitude saccades (less than about 1°) and the latency of longer saccades. The findings were interpreted based on the dissociation between fixation and saccadic neurons. Implications for eye movements in reading were discussed.
Introduction
In natural perceptual tasks such as reading and scene perception, saccadic eye movements are programmed while information is available in both foveal and peripheral vision. In contrast, in traditional oculomotor research, saccade metrics are generally studied in situations that involve the disappearance of the fixation stimulus before or simultaneously with the onset of peripheral stimuli (for reviews, see Findlay & Gilchrist, 2003; Findlay & Walker, 1999) . The present paper investigated the role of foveal information in the computation of saccade amplitude and its repercussions on the global effect.
The global or center-of-gravity effect refers to the general tendency for the eyes to move towards the center of the peripheral visual array. It was initially shown in situations that involved the simultaneous presentation of two stimuli in peripheral vision (Findlay, 1982; Ottes, Van Gisbergen, & Eggermont, 1984 ; see also Coren & Hoenig, 1972) . Observers were explicitly instructed to move their eyes to one of the two stimuli (the saccade target) and to ignore the distractor, but their eyes frequently moved to an intermediate location. The exact landing position being a function of the relative size (Findlay, 1982) and intensity of the stimuli (Deubel, Wolf, & Hauske, 1984) , the assumption was proposed that the eyes were deviated towards the center of gravity of the peripheral configuration.
Since then, the phenomenon has been replicated in several perceptual and oculomotor tasks and with a wide variety of stimuli, hence attesting for the robustness of the effect. A global effect was found in visual search (Arai, McPeek, & Keller, 2004; Findlay, 1997; Findlay & Gilchrist, 1997; McSorley & Findlay, 2003 ; see also Godjin & Theeuwes, 2002) and during the free scanning of visual displays (Findlay, 2004; Findlay & Brown, 2006; Vishwanath & Kowler, 2003; see also McGowan, Kowler, Sharma, & Chubb, 1998) . It was also shown while participants were asked to move their eyes to target letters embedded in meaningless strings of letters (Coëffé & O'Regan, 1987) and during the reading of isolated words (Vitu, 1991a) .
The global effect seems to reflect fundamental properties of the oculomotor system. First, it is weaker but still present when participants are presented with visually distinct saccade target items and the task is designed to require the execution of accurate saccades (Findlay & Kapoula, 1992) . Second, it is reduced, but not completely eliminated, when the target stimulus appears at a predictable location (Coëffé & O'Regan, 1987 ; but see He & Kowler, 1989) . Third, the effect decreases over time, but it is resolved only after rather long saccade latencies: 260-300 ms when distractor and target are visually dissimilar and not in too close proximity (McSorley & Findlay, 2003; Ottes, Van Gisbergen, & Eggermont, 1985 ; see also Chou, Sommer, & Schiller, 1999; Godjin & Theeuwes, 2002 ; but see Findlay & Brown, 2006) , and 400-500 ms when the saccade target element (a letter) is embedded in a non-homogeneous letter string (Coëffé & O'Regan, 1987) .
Interestingly, when the saccade target is presented amongst multiple distractor stimuli (or when several targets are simultaneously displayed), a global effect is more likely with visually similar stimuli (Findlay, 1997) . Furthermore, the effect occurs only between elements that occupy neighboring locations in the visual field, hence suggesting that the angular separation between visual elements is a limiting factor (Findlay, 1997 (Findlay, , 2004 Findlay & Brown, 2006 ; see also Godjin & Theeuwes, 2002) . Walker, Deubel, Schneider, and Findlay (1997) actually reported that the amplitude of a saccade to a target item was modified by the simultaneous presentation of a distractor stimulus only if the distractor was presented along the ipsilateral target axis or within 20°of the target axis (see also Ottes et al., 1984) . When the distractor appeared outside this region, it did not affect saccade amplitude, but prolonged saccade latency. The effect referred to as the 'remote distractor effect' was greater with foveal distractors and decreased as distractors appeared more peripherally (but see Trappenberg, Dorris, Munoz, & Klein, 2001 ).
Stimulus eccentricity is another variable that contributes to the global effect, and in some instances it may also be a limiting factor. In several studies, target and distractor stimuli were presented in peripheral vision, but at different eccentricities from the fixation point. In these conditions, the eyes systematically undershot the geometrical center of gravity of the peripheral configuration as if elements closer to the fovea had a greater weight than more peripheral ones (Coëffé & O'Regan, 1987; Findlay, 1982; Findlay, Brogan, & Wenban-Smith, 1993; McSorley & Findlay, 2003; Vitu, 1991a; Walker et al., 1997; but see McGowan et al., 1998) . Instances were even noted where the global effect failed to occur, the eyes being directly sent to the peripheral element closest to the fovea (Findlay, 1982; Walker et al., 1997 ; see also Lévy-Schoen, 1969) .
It still remains undetermined whether or not a global effect occurs when one of the stimuli (target or distractor) is displayed in foveal vision. To our knowledge, only three studies investigated this issue and the results are not very conclusive. In two studies, a global effect was reported while the target appeared in the foveal region (1°and 0.5-2°, respectively) and in the same hemifield as a peripheral distractor stimulus (Findlay, 1982; Walker et al., 1997) . In contrast, we showed that distractor stimuli displayed above and below the first word of a pair affected initial landing sites only when they were aligned with the central or end part of the word. When distractors were in front of the word or within less than 0.9°to the right of the fixation point, they did not deviate the eyes from their saccade target (Vitu, 1991a) .
Current models of saccade generation propose relatively precise mechanisms to account for the global effect (Findlay & Walker, 1999; Trappenberg et al., 2001 ; see also Godjin & Theeuwes, 2002) . However, no clear statement is made on whether and how stimulus eccentricity should affect the frequency and characteristics of averaging responses, and no mention is made on the role of foveal stimuli. The global effect is generally attributed to spatially distributed coding in the superior colliculus. Visual cells having large and overlapping receptive fields, the saliency peaks that arise from stimulation of neighboring sites in the collicular map, would coalesce in a single peak, hence favoring the occurrence of averaging responses (Lee, Rohrer, & Sparks, 1988) . In other words, or as formulated earlier on, the global effect would arise from poorly resolved visual input, and it could be overridden only at long time delays or when visual information becomes more detailed (Coëffé & O'Regan, 1987; Findlay, 1982; Ottes et al., 1985 ; but see He & Kowler, 1989; McGowan et al., 1998) .
Despite the automated nature of the global effect, foveal elements (distractor or target) may have a particular status and may not have the same effect on center-of-gravity responses as peripheral stimuli. First, the foveal region is associated with smaller receptive fields than the periphery, which suggests that the likelihood of overlapping with adjacent receptive fields may be reduced (Anderson, Keller, Gandhi, & Das, 1998; McIlwain, 1991) . Second, since foveal information is better represented at both cortical and collicular levels (i.e., the cortical magnification factor; Rovamo, Virsu, & Nasanen, 1978; see also McIlwain, 1991) , foveal stimuli may generate greater saliency peaks and contribute in turn almost exclusively to determining saccade amplitude (Coëffé & O'Regan, 1987; Findlay, 1982; Vitu, 1991a) . Third, greater resolution in the fovea may facilitate discrimination between activity patterns associated with distractor and target stimuli, and reduce the likelihood the eyes land at intermediate locations. Fourth, stimulation of the foveal region enhances activity in the fixate system and delays saccade onset, which in turn should increase saccade accuracy (see Findlay & Walker, 1999; McSorley & Findlay, 2003; Walker et al., 1997) .
The purpose of the present studies was to further characterize the global effect and to determine whether a specific role should be attributed to foveal stimuli. Three experiments tested the influence on saccade accuracy and saccade latency, of distractor stimuli displayed in the foveal region and in the same hemifield as a more peripheral saccade target. The issue related to the role of foveal stimuli is particularly pertinent in natural perceptual tasks such as reading. In those instances, foveal and peripheral regions always both contain visual information. Furthermore, the great similarity between foveal and peripheral stimuli enhances the likelihood of a global effect (Findlay, 1997) . For this reason, a visually complex situation was used in the experiments, which closely resembled reading, although using meaningless material.
On every trial in all three experiments, four stimuli were simultaneously displayed on the horizontal axis (see Fig. 1a and b). The first stimulus referred to as foveal distractor was an homogeneous x-letter string composed of a variable number of letters (1-7 and 1-9 letters in Experiments 1-2 and 3, respectively). Its first letter was centered on the fixation point, while additional letters extended further to the right (up to 1.96°and 2.58°in Experiments 1-2 and 3, respectively). The other three stimuli were presented to the right of the distractor string, thus in the same hemifield. They were all x-letter strings, but the first two contained a distinctive central target letter ('h' or 'k') . Participants were asked to move their eyes successively to each target letter, while ignoring the foveal stimulus which actually never contained a target letter. Then, they performed a lettercomparison task once their eyes reached the third letter string.
There were two critical manipulations. The first one related to the length of the foveal distractor string, and its influence on the amplitude of the initial saccade (which supposedly aimed at the first target letter). Under the assumption that a global effect can arise due to the influence of foveal distractor elements, the eyes should be deviated from their target location when a string is displayed in foveal vision, and the amount of deviation should increase with the length of the foveal letter string.
The second manipulation concerned the eccentricity of the initial target letter (5-11 letters or 1.55°to 3.41°in Experiments 1-2, and 3 to 11 letters or .93°to 3.41°in Experiment 3), hence the eccentricity of the full set of peripheral letter strings. This manipulation ensured that the effect of distractor length could be distinguished from the effect of proximity between target and distractor stimuli (or number of empty spaces). As can be seen in Fig. 1b , longer distractor strings laid closer to the target-letter strings, and this could increase the likelihood of a global effect. At the same time, presenting the initial target letter at variable and unpredictable location prevented participants to execute saccades of a constant length, and increased the likelihood of observing a global effect (Coëffé & O'Regan, 1987) .
Experiment 1
In the first experiment, target letters were presented at the center of seven-letter strings (e.g., 'xxxhxxx'), while the last letter string was always composed of nine letters. Target letters appeared at four possible eccentricities from the initial fixation point (hence displacing to the right the whole set of peripheral letter strings): 5, 7, 9 or 11 letters (or 1.55°, 2.17°, 2.79°and 3.41°). The length of the foveal distractor string was varied accordingly; it was one letter long for an eccentricity of five letters, and 1-3, 1-5, and 1-7 letters for the remaining three eccentricities, respectively.
Participants were asked to move their eyes successively to the first and second target letter in order to later perform a letter-comparison task. They were not explicitly instructed to be quick and/or accurate. However, the procedure itself may have somehow encouraged accurate oculomotor responses. First, the angular size of target letters was too small for the letters to be identified without being fixated. Second, when the peripheral strings were initially displayed, the central target letters were masked, both 'h' and 'k' letters being superimposed. It was only when the eyes crossed an invisible boundary in front of each string, respectively, that the letter became visible. Third, the target letter was masked again as soon as the eyes left the corresponding letter string.
Methods

Participants
Eight individuals participated in the experiment which was run at the University René Descartes (BoulogneBillancourt, France); they all gave their informed consent before participation. Individuals were between 21 and 42 years old. Two were faculty members, while the remainder were university students. Only three of the participants were aware of the purpose of the experiment (the first three authors of the present paper). All participants had normal or corrected-to-normal vision; in the latter case, only individuals wearing glasses were accepted.
Procedure
The experimental session lasted for about 2 h. The participant was seated in an adjustable chair. A bitebar minimized head movements. After setting up the eye tracker, a calibration phase began. Calibration was made using 15 points presented successively on the entire screen (five points on both diagonal axes, and five points around the central horizontal axis of the screen (two above and three below)). The first calibration point was presented in the left upper corner of the screen until the participant pressed a button, which made the point disappear, and appear at another location. Participants were asked to press the button only when they were fixating very precisely at the displayed dot location. If the calibration was not satisfactory (or the correlation between the actual and the estimated eye location was less than .99 for both horizontal and vertical coordinates), another calibration phase was initiated. Otherwise, a block of trials began.
Each trial started with the presentation of the trial number in the left upper part of the screen. After 800 ms, it was removed and two vertically aligned bars were presented in the left part of the central line of the screen (see Fig. 1a ). Participants were asked to fixate the gap in between the two bars. As soon as the computer detected a fixation within a region of plus or minus 3/4 character space, the fixa- Sequence of events on a given trial in Experiment 1; in the example, the foveal distractor string is four letters long and the target-letter string is composed of seven letters. Each arrow represents a saccade that triggers the next event. (b) Example stimuli used in Experiments 1 and 2. The first string was the distractor string initially displayed in foveal vision, the second and third corresponded to first and second target-letter strings (they were seven letters long), and the fourth corresponded to the comparison string. Tested eccentricities were 5, 7, 9, and 11 letters, and distractor length was 1, 1-3, 1-5 and 1-7 letters, respectively. tion bars were removed and the four-letter strings (the foveal distractor string, the two target-letter strings, and the comparison string) were displayed; these were separated by one character space. Target letters were masked at this point: both 'h' and 'k' letters were superimposed at target location.
As soon as the participant's eyes crossed an invisible boundary located 3/4 character space in front of the first target-letter string, the first target letter became visible ('h' or 'k'). Then, as soon as the eyes crossed an invisible boundary located 3/4 character space in front of the second target-letter string, the first target letter was masked ('h' and 'k' letters were again superimposed) and the second target letter became visible ('h' or 'k') . Finally, when the eyes crossed an invisible boundary in front of the comparison string, the second target letter was masked ('h' and 'k' letters were again superimposed), and the comparison string was replaced with one of two words 'identique' (identical) or 'différent' (different). At this point, participants were asked to indicate by one or another button press whether or not both target letters were identical or different, respectively. After button press, all stimuli were removed and one of two letters ('C' or 'F') was displayed in the lower part of the screen, indicating whether the response was correct or false. The specific procedure associated with the comparison task was used to make the experiment a little more interesting to the naïve participant, but also served to break the rhythm associated with the repetitive task. After a delay of about 1 s, the next trial began.
There were a total of 1280 trials (80 per combination of distractor length and target eccentricity); these were run in 10 blocks of 128 trials. In each block, all conditions were equally represented, and they were presented in a completely random order. To familiarize participants with the procedure, a practice block of 17 trials was run before the experimental blocks. Participants took a break in between blocks of trials, running the experiment at their own pace.
Apparatus
Eye movements were recorded using a fifth-generation Dual Purkinje Image eye tracker (Fourward Optical Technologies, Inc.), sampling the right eye position every millisecond with a spatial accuracy of 10 min of arc (Cornsweet & Crane, 1973) . The eye tracker was interfaced with two IBM-compatible microcomputers. The first computer recorded the eye-movement parameters, and analyzed them on-line, using the software developed at the Catholic University of Leuven (Belgium) by Van Rensbergen and de Troy (1993) . The second computer controlled the visual presentation of the stimuli. Eye-movement parameters were continuously sent to the second computer, so that the visual display could be changed contingent on the position of the eyes (see above). The first computer was interfaced with two response buttons.
Stimuli were displayed in graphics mode on a 17-in. CRT monitor with 60-Hz refresh rate. Only lowercase letters were used. One character space subtended about .31°o f visual angle, and one letter corresponded to .21°at a distance of 1075 mm from the participants' eyes. Vision was binocular. The room was dark except for a dim indirect light source.
Design and data analysis
Both independent variables (length of distractor string and target eccentricity) were within-participant variables. Since the range of foveal distractor lengths differed depending on target eccentricity, data were analyzed separately for the four eccentricities. Both latency and landing site of the initial saccade (which aimed at the first target letter) were analyzed. Data were selected according to the following criteria: (1) the set of four letter strings was displayed during a fixation located within a region of plus or minus 1/2 character (or .15°) around the fixation bars, (2) de-masking of the initial target letter occurred during a saccade, (3) there was no artifact or signal irregularity in the trial, (4) there was no blink associated with the first or second fixation in the trial, (5) button press did not occur before the eyes landed on the comparison string, and (6) the latency of the initial saccade was more than 80 ms in order to remove anticipatory eye movements. This led us to reject about 20% of the data. In addition, analyses of mean saccade latency involved only saccadic response times that were less than 450 ms as suggested by the distribution of initial saccade latencies. Participants failed to correctly respond to the letter-comparison task on a few trials only (2% of all trials); these were not excluded from analysis.
In all analyses, means or proportions were calculated for each participant, and these were then averaged across participants, such that the weight of each individual's contribution to the global mean was similar. Analyses of variance were run on the means for each participant in each condition.
Results
Initial landing sites
In a first analysis, the distributions of initial landing sites were plotted by foveal distractor length and target eccentricity. As can be seen in Fig. 2a-d , the distributions were bimodal. The first, smaller, peak showed the presence of a group of small-amplitude saccades. For these, the eyes landed between Letters 1 and 3-4 when the distractor string was less than or equal to four letters, meaning therefore that the eyes remained within the foveal distractor string or fixated the empty space to the right of it. Instances that involved longer distractor strings presented a less homogeneous dispersion of initial landing sites and some saccades landed further than Letter 3. In the extreme seven-letter distractor condition, the first mode of the distribution was even shifted towards Letters 4 and 5 or towards an intermediate location between the beginning of the distractor string and the target-letter string. Overall, the likelihood of small saccades tended to increase with the length of the foveal distractor string, but did not seem to vary systematically with target eccentricity.
The second part of the distributions corresponded to longer saccades that landed on the target-letter string or in front of it; these were more frequent than small-amplitude saccades. In the five-letter eccentricity condition, the mode of the distribution was aligned with the center of the target-letter string. At greater eccentricities, the distributions were shifted to the left and the proportion of target undershoot increased. Quite surprisingly, the amount of deviation did not continuously increase with the length of the foveal distractor string. Mode and shape of the second part of the distributions were very similar for distractor lengths between one and four letters. Differences only emerged for longer distractor strings (between five and seven letters). As the length of the distractor string increased, the eyes more frequently landed at intermediate locations (i.e., on the space(s) in front of the target-letter string), increasing the spread of the distribution, and slightly shifting the mode towards closer landing sites.
As previously reported, initial landing sites in words are normally distributed (McConkie, Kerr, Reddix, & Zola, 1988; . It was therefore reasonable to assume that both parts of the distributions observed in the present study were also normal in shape. Bimodal distributions were fitted to a model that simply summed up two normal distributions, as expressed in the following equation:
where N s (m s , s s ; x) is the normal distribution for small-amplitude saccades, with mean m s and standard deviation s s , and N l (m l , s l ; x) is the normal distribution for long-amplitude saccades, with mean m l and standard deviation s l . Parameters w s and w l represented the weights associated, respectively, with each Gaussian distribution. All six parameters were estimated for each of the 16 distributions shown in Fig. 2a-d , hence for each combination of distractor length and target eccentricity. This was done with the least-square method. As shown in Fig. 3a -g, predicted curves nicely fitted empirical distributions in the 11-letter eccentricity condition and this for all distractor lengths. The same applied to the three other eccentricity conditions and corresponding foveal lengths (not presented here). In all 16 conditions, goodness of fit was greater or equal to .97 as indicated in Table 1 . Table 1 also displays estimated parameter values in the different conditions. This first indicates that the proportion of small-amplitude saccades (i.e., parameter w s ) increased with distractor length, but to a greater extent for distractor lengths between four to five and seven letters than for shorter lengths; target eccentricity did not seem to have much influence. Estimates of the mean landing position of small-amplitude saccades (i.e., m s ) remained relatively stable for distractor lengths between one and three letters and tended to increase with longer distractors, while there seemed to be again no consistent variations with target eccentricity. Noteworthy, estimates of means were less than the distractor length in all conditions except the one-letter distractor condition, thus confirming that small saccades often kept the eyes within the distractor string. For the population of long saccades, mean and standard deviation estimates (i.e., m l , and s l , respectively) were relatively stable across distractor lengths. The only noticeable change was between five-and seven-letter distractors in the 11-letter eccentricity condition; estimated mean value suddenly dropped, hence suggesting a greater deviation of the eyes from the target letter.
Thus, in line with the above descriptions, the distributions of initial landing sites were bimodal. Distractors less than four to five letters did not greatly influence these distributions; they only slightly, but continuously, increased the proportion of short saccades. Longer distractors produced additional changes. They reduced the length of long saccades and caused a more substantial increase of the proportion and length of small saccades, hence suggesting that a trade-off between the two parts of the distributions characterized the effect of distractor length.
To examine the stability of this trade-off within individuals, further analyses were conducted in the 11-letter eccentricity condition since this involved the full range of distractor lengths. After observing a bimodal distribution in all participants, the number of small-vs. long-amplitude saccades was compared between two categories of distractor lengths, using an interaction v 2 test. Short distractor lengths were less than or equal to four letters, and long Parameters w s , s s , and m s were weight, SD, and mean estimates for smallamplitude saccades, and parameters w l , s l , and m l were weight, SD, and mean estimates for long-amplitude saccades.
lengths were more than four letters. A fixed cut-off criterion was used to categorize small-vs. long-amplitude saccades, but was adjusted for a few participants with a best fit procedure. For nearly all participants, long-amplitude saccades were predominant in the short-length distractor category, but their number decreased in the long-length distractor category while the number of small-amplitude saccades increased. For two individuals, the tendency actually almost reversed between short and long-length distractor categories; short saccades became predominant in the latter case. Analyses revealed a significant relationship between distractor length and saccade type (small vs. long saccades) for five participants (significant v 2 s (1) P 4.34), and a marginally significant trend for two other participants (v 2 (1) = 3.64, p < .06 and v 2 (1) = 3.56, p < .06). Thus, a dichotomy between short and long distractors was indeed present at the individual level; this was characterized by a trade-off between small-and long-amplitude saccades.
Refixations and target-directed saccades
Further analyses examined where the eyes landed with respect to the visual stimuli. Two measures were computed as a function of target eccentricity and distractor length: the proportion of saccades remaining on the foveal distractor string (or refixations), and the mean landing position error associated with 'target-directed saccades'-the saccades that landed on the target-letter string or on the space in front of it. Instances where the eyes landed on the space in front of the string were included because this prevented the main part of the distribution to be truncated in many conditions; this may serve also the comparison with natural reading data where initial landing sites on the space in front of a word are always mixed with fixations on the word. As shown in Fig. 4a and b, the proportion of refixations increased linearly with distractor length (F (1, 7) = 7.58, p < .05, F (1, 7) = 12.14, p < .01, F (1, 7) = 19.09, p < .005 for 7-, 9-, and 11-letter eccentricities, respectively), but remained unaffected by target eccentricity (F (3, 21) = .29, F (2, 14) = .77, F (1, 7) = .02 for 1-, 1-to 3-and 1-to 5-letter distractor strings, respectively). In contrast, the mean landing position error of target-directed saccades did not vary with distractor length, except when this was longer than about four to five letters, thus only in the 11-letter eccentricity condition. In that case, both linear and quadratic trends were significant (F (1, 7) = 74.16, p < .0005, F (1, 7) = 19.56, p < .005, respectively; other F's 6 .35). In addition, target eccentricity significantly influenced the mean landing position error (F (3, 21) = 33.25, p < .0005, F (2, 14) = 35.08, p < .0005, F (1, 7) = 8.96, p < .05 for 1-, 1-to 3-and 1-to 5-letter distractor strings, respectively): the eyes further undershot the target letter as eccentricity increased.
Thus, the two populations of saccades that were previously identified were affected differently by the manipulated variables. Small-amplitude saccades mainly refixated the foveal distractor string; their likelihood increased with distractor length, but remained unaffected by target eccentricity. Longer saccades landed in the vicinity of the target-letter string; their accuracy was a function of target eccentricity and distractor length, although the effect of distractor length was reduced for distractors less than or equal to four to five letters in length. 
Initial saccade latency
The distributions of saccade latencies obtained in the different conditions formed a single mode and were normal in shape, although presenting a tail towards longer latencies. However, since the above analyses suggested the existence of two populations of saccades, saccade latencies were computed separately for refixation-and target-directed saccades. Overall, refixation saccades were characterized with a shorter latency (208 ms) compared with the saccades landing on the target-letter string (244 ms). The n was too low for the latency of the first category of saccades to be analyzed as a function of the manipulated variables; only the mean latency of target-directed saccades was computed as a function of target eccentricity and distractor length. As shown in Table 2 , mean saccade latency tended to increase with distractor length, with some leveling-off around distractor lengths of four to five letters at least in the 9-and 11-letter eccentricity conditions. However, analyses of variance revealed that only linear trends were significant for these eccentricity conditions (F (1, 7) = 3.67, p < .10, F (1, 7) = 16.30, p < .005, F (1, 7) = 9.43, p < .05 for 7-, 9-, and 11-letter eccentricities, respectively). The effect of eccentricity was not significant (F (3, 21) = 2.13, F (2, 14) = .68, F (1, 7) = 1.73 for 1-, 1-to 3-and 1-to 5-letter distractor strings, respectively).
Latency and accuracy
To explore the relationship between saccade accuracy and saccade latency, but also to examine the time course of small-and long-amplitude saccades, landing position error was plotted by saccade latency, but separately for different target eccentricities. As can be seen in Fig. 5a -d, there was a speed-accuracy trade-off in all eccentricity conditions. At early time intervals, the eyes overshot and undershot close targets, while they mainly undershot targets that were presented further away. As time went by, overshoot and undershoot tendencies became less prominent, the eyes landing closer and closer to the target location. It was, however, only from about 300 ms from display onset that almost all saccades landed on a five-letter eccentricity target, while the critical time for maximal accuracy was closer to 400 ms or later for greater eccentricities. The correlation between the absolute value of landing position error and saccade latency was significant at the .0005 level in all eccentricity conditions (all r's 6 À.31).
Interestingly, two populations of saccades could be distinguished based on their spatio-temporal properties. Small-amplitude saccades undershot target location by about 4, 4-6, 6-10 and 8-12 letters in 5-, 7-, 9-, and 11-letter (50) (43) (44) (46) (44) (45) Only instances where the eyes landed on the target-letter string or on the space in front of it were considered for analysis. eccentricity conditions; in other words, they remained in the region of the distractor and landed rarely further than three letters away from the initial fixation point. These saccades were initiated early on (as soon as 80-100 ms from display onset), but they could also occur at later latencies (up to about 300 ms). Their accuracy did not seem to vary much with saccade latency. Noteworthy, the proportion of small saccades increased with target eccentricity, but this was because greater eccentricities were associated with larger ranges of distractor lengths; as we have seen above, longer distractor strings increased the proportion of smallamplitude saccades. Longer saccades were observed at later time intervals (rarely before 150 ms from display onset); their accuracy more greatly varied with target eccentricity as well as saccade latency.
To ensure that the speed-accuracy trade-off reported above did not arise from the temporal characteristics of small-vs. long-amplitude saccades, the correlation between latency and absolute landing position error was computed again, but separately for each category of saccades (equal to or less than three letters and more than three letters respectively). In all eccentricity conditions, the correlation was significant at least at the .05 level for small-amplitude saccades (all r's 6 À.16), while it was significant at the .0005 level for long saccades (all r's 6 À.15). The results obtained for small saccades probably came from the fact that distractor length was not controlled for in the analyses. As noted above, the mean length of small saccades tended to increase with distractor length, and there was an overall tendency for saccade latency to increase with distractor length. When the correlation between latency and absolute landing position error was tested again, but this time separately for different distractor lengths (and across target eccentricities), it was significant only for one-and seven-letter foveal distractors (r 6 À.24, p < .05) in the case of small saccades, while it was significant at the .0005 level for all distractor lengths in the case of long saccades (all r's 6 À.22).
It is worth noting that when landing position error was plotted by saccade latency, but separately for each distractor length in the 11-letter eccentricity condition, the distinction between two populations of saccades was maintained in all distractor-length conditions (see Fig. 6a-g ). The first group corresponded to small amplitude (less than four letters long) and early saccades, while the second group corresponded to long amplitude and later saccades. The proportion of small-amplitude saccades continuously increased with distractor length. In addition, and most interestingly, for distractor lengths of four to five letters and more, additional saccades were observed; their landing position error was intermediate and their latency was never shorter than about 150 ms. The emergence of intermediate saccades did not only contribute to reduce the amplitude of long saccades, but also contributed to increase the proportion of small-amplitude saccades as defined in reference to the bimodal distributions of initial landing sites (see Fig. 2a-d) . However, the fact that intermediate saccades had the same temporal properties as long-amplitude saccades suggests that they differed from one-to three-letter saccades and that influences due to distractors longer than four to five letters were of the same nature for small-and long-amplitude saccades. Fig. 6 . Diagrams of correlation between landing position error (in letters) and saccade latency (in ms) in the 11-letter eccentricity condition of Experiment 1, but separately for one-to seven-letter distractor lengths (a-g).
Discussion
To determine the likelihood of a global effect with distractor elements displayed in the foveal region, saccade target stimuli (the central letter of seven-letter strings) were presented simultaneously with foveal distractor strings of variable length. Results showed that distractor length had some repercussion on the distribution of initial landing sites, although the effect was not exactly as expected. Two populations of saccades referred to as small-and long-amplitude saccades, respectively, were identified based on the distributions of initial landing sites. Short saccades kept the eyes within the distractor region and favored within-distractor refixations. They were most often less than four letters (or less than about 1°) and tended to be preceded by rather short latencies (between 80-100 and 300 ms when less than four letters); their length and frequency was independent of target eccentricity. Long-amplitude saccades were more frequent; they were distinguished by greater amplitude and latency. Occurring no earlier than about 150 ms from display onset, long saccades brought the eyes in the vicinity of the target letter and the corresponding letter string. Most often, they landed precisely on close targets displayed at an eccentricity of five letters (or 1.55°) while they undershoot further target locations, with undershoot becoming greater with larger eccentricities. It was only after latencies of about 400-500 ms that long saccades almost entirely landed on target.
Length of the foveal distractor string influenced both populations of saccades, although a dichotomy between short and long distractors was observed. For distractors shorter than or equal to about four letters, distractor length only influenced the likelihood of small-amplitude (< 4 letters) or refixation saccades, hence suggesting that short saccades were not artifacts, but occurred in response to visual stimulation in the foveal region (see also Findlay & Kapoula, 1992; Vitu, Kapoula, Lancelin, & Lavigne, 2004) . Distractors longer than four to five letters deviated the eyes from the saccade target letter in a center-of-gravity manner. They further inflated the proportion of small-amplitude saccades by favoring the emergence of intermediate-length saccades, and increased in turn the mean length of small saccades. At the same time, they reduced the length of long saccades.
As noted above, the length of the foveal distractor string was negatively correlated with the distance between distractor and target (or number of empty spaces; see Fig. 1b) . However, the fact that an effect of distractor length on saccade amplitude emerged only for distractor strings longer than about four letters (thus in the 11-letter eccentricity condition) could not be attributed to the reduced number of empty spaces between distractor and target as distractor length increased. Indeed, in the close eccentricity conditions (e.g., seven letters), short distractors were as close to the target-letter string as long distractor stimuli in the 11-letter eccentricity condition, but they failed to produce center-of-gravity trends. Thus, the reported trend was indeed an effect of distractor length, but not a question of proximity between distractor and target.
As shown in several previous studies, saccade accuracy is a function of saccade latency: late saccades are more precise and less likely to present center-of-gravity type influences than short-latency saccades (Chou et al., 1999; Coëffé & O'Regan, 1987; Godjin & Theeuwes, 2002; McSorley & Findlay, 2003; Viviani & Swensson, 1982) . The present data exhibited the same relationship between saccade accuracy and saccade latency. However, this was not responsible for the lack of a global effect with one-to four-letter distractor strings since saccade latency was shorter but not longer with short compared with long distractor stimuli. Thus, in line with previous reports on the remote distractor effect, saccade latency increased with the amount of stimulation in the foveal region, and amplitude and latency tended to present a reciprocal relationship with distractor length (Walker et al., 1997 ; see also Benson, Findlay, & Liversedge, submitted) .
Failure to observe systematic eye deviations of a centerof-gravity type may suggest a dead zone for the global effect; the effect would only occur in response to simultaneous presentation of distractor and target stimuli outside of a central region of four to five letters. However, such a conclusion may be premature at this point. First, it cannot be excluded that the experimental procedure itself favored target undershoot and reduced in turn the possibility of isolating the full range of effects associated with distractor length. The target letter could not be extracted if the initial saccade directly sent the eyes to the right of the target-letter string (i.e., the target letter was masked as soon as the eyes crossed an invisible boundary to the right of the target-letter string). Thus, to ensure that the target letter would not be skipped and missed, short saccades were probably favored. These most likely undershot target location, and brought the eyes at about the same location as if they had been sent to a weighted center of gravity of the visual configuration formed by a short distractor and a target-letter string.
Alternatively, failure to observe a global effect with foveal distractor strings of four letters or less could be attributed to a lack of similarity between target and distractor strings. The target-letter string being consistently composed of seven letters, it could be more easily distinguished from one-to four-letter distractor strings than from five-to seven-letter strings, hence decreasing the likelihood of center-of-gravity type responses in the former case (Findlay, 1997) . Experiments 2 and 3 tested these hypotheses.
Experiment 2
The present experiment was an attempt to replicate Experiment 1, but with a slightly different procedure. On each trial, as soon as the eyes crossed an invisible boundary in front of the first or second target-letter string, the corresponding target letter became visible, but this time, when the eyes crossed an invisible boundary to the right of the target-letter string, the target letter was not masked again. Rather, this remained visible until the end of the trial. If masking of the target letter in Experiment 1 was responsible for failure to observe a global effect with short foveal distractor strings, then target undershoot should be less likely in the present experiment and the global effect should generalize to all distractor lengths.
Eight individuals participated in the experiment. Seven already participated in the first experiment. The additional participant was a 22 year old university student who met the same criteria as the other participants.
Results and discussion
As shown in Fig. 7a-d , the distributions of initial landing sites were very similar to those obtained in the first experiment. These exhibited again two separate modes corresponding to small-and long-amplitude saccades, respectively. The separation between the two parts of the distributions was not as clear for long (five to seven letters) compared with short distractor stimuli (less than five letters), hence suggesting the emergence of intermediate-length saccades or center-of-gravity type responses. When distractor strings were less than four letters, small-amplitude saccades landed mainly between Letters 1 and 3; their distribution was actually very similar between the different distractor conditions, but their proportion slightly increased from one-to three-letter distractors. For four-letter distractors and above, the landing positions of small-amplitude saccades were more variable and further away from the fixation point on average. Longer saccades landed in the vicinity of the first target-letter string; they undershot target location in most instances, with undershoot increasing with target eccentricity. Their length remained unaffected by the length of the distractor string except again when this was longer than four letters (in 9-and 11-letter eccentricity conditions). In those instances, the mode of the distributions was slightly shifted towards closer landing sites.
As for Experiment 1, the 16 distributions were fitted to two normal curves, using the model expressed in Eq. (1) (see above). Estimated parameters (mean, standard deviation, and weight for each underlying distribution) and goodness of fit are presented in Table 3 . The model nicely predicted the data, although the fit was not as good as in the first experiment particularly in the seven-letter distractor condition (GIF = .95). In line with the above observations, the proportion of small-amplitude saccades tended to increase with distractor length as revealed by variations in parameter w s ; the rise was again greater for distractors longer than about three to four letters at least in the 11-letter eccentricity condition. Second, small saccades tended to land further away from the fixation point as the length of the distractor increased (m s ); the effect was still clearer for distractor lengths equal to or greater than three to four letters. Third, the estimated mean landing position of long saccades (m l ) did not present systematic variations with distractor length, except in the extreme seven-letter distractor condition where it was greatly reduced; examination of predicted and observed distributions suggested that the effect could not entirely result from poorer fit in that condition.
Individual analyses revealed that for seven of the eight participants, the distributions of initial landing sites in the 11-letter eccentricity condition were bimodal. Furthermore, a trade-off between both parts of the distributions characterized again the effect of distractor length. Shortand long-amplitude saccades were defined using the same procedure as in the interaction v 2 analyses of Experiment 1. Long saccades were prominent in conditions that involved short-length distractors (between one and four letters), while the difference in the number of observations between small-and long-amplitude saccades greatly reduced for long-length distractors (more than four letters). Interaction v 2 test values were significant for seven of eight participants (all significant v 2 s (1) P 4.16). In Fig. 8a and b, the percentage of refixation saccades and the mean landing position error associated with target-directed saccades (i.e., the saccades that landed on the target-letter string or on the space in front of it) were plotted as a function of distractor length and target eccentricity. The proportion of refixations increased again linearly with distractor length (F (1, 7) = 7.60, p < .05, F (1, 7) = 13.19, p < .01, F (1, 7) = 16.92, p < .005 for 7-, 9-, and 11-letter eccentricities, respectively). There was no clear effect of target eccentricity except maybe in the five-letter distractor condition, but none of the tested comparisons were significant (F (3, 21) = .80, F (2, 14) = .02, F (1, 7) = .95 for 1-, 1-to 3-and 1-to 5-letter distractor strings, respectively). In a reverse manner, the mean landing position error of target-directed saccades increased significantly with target eccentricity (F (3, 21) = 22.53, p < .0005, F (2, 14) = 17.28, p < .0005, F (1, 7) = 10.04, p < .01 for 1-, 1-to 3-and Fig. 8 . Percentage of saccades that refixated the distractor (a) and mean landing position error of target-directed saccades (b; saccades landing on the target-letter string or on the space in front of it) as a function of distractor length and target eccentricity in Experiment 2. Parameters w s , s s , and m s were weight, SD, and mean estimates for smallamplitude saccades, and parameters w l , s l , and m l were weight, SD, and mean estimates for long-amplitude saccades.
1-to 5-letter distractor strings, respectively). It varied with distractor length only in the 11-letter eccentricity condition or for distractor strings greater than about four letters. Both linear and quadratic trends were significant in that case (F (1, 7) = 35.19, p < .0005, F (1, 7) = 6.15, p < .05, respectively), while none of the effects were significant in the three other eccentricity conditions (F's 6 .35).
As shown in Table 4 , the mean latency of target-directed saccades tended to increase with distractor length, although the effect was greater in the 11-letter eccentricity condition. The linear trend was significant in this condition (F (1, 7) = 5.57, p < .05; other F's 6 2.54), while a significant quadratic trend was found in the nine-letter eccentricity condition (F (1, 7) = 5.26, p < .05; other F's 6 2.54). Again the effect of eccentricity was not significant (F (3, 21) = 2.26, F (2, 14) = 1.80, F (1, 7) = .01 for 1-, 1-to 3-and 1-to 5-letter distractor strings, respectively) and saccade latency was shorter for refixation-compared with target-directed saccades (206 ms vs. 251 ms).
Further analyses investigated the relationship between saccade accuracy and saccade latency. Results (not presented here) were very similar to the findings of Experiment 1. First, a distinction could be made again between small-(<4 letters) and long-amplitude saccades based on the saccade latency range; the former occurred between 80-100 and 300 ms from display onset, while the latter rarely occurred before 150 ms. Second, intermediate-length saccades emerged with foveal distractor strings longer than four letters, and their minimal latency was of about 150 ms. This confirmed that center-of-gravity type saccades had the same temporal characteristics as long-amplitude saccades, even though as noted above, their emergence did not only contribute to reduce the amplitude of long saccades but also affected the proportion and metrics of small-amplitude saccades (as defined with respect to the bimodal distributions displayed in Fig. 7a-d) . Third, there was a speed-accuracy trade-off. The correlation between absolute landing position error and latency was significant at the .0005 level in all eccentricity conditions (all r's 6 À.29). It was significant at least at the .05 level when only long-amplitude saccades (or saccades landing further than Letter 3) were considered for analysis (all r's 6 À.08).
To further attest for the influence of saccade latency on saccade accuracy, mean landing position error was compared for four different saccade latency intervals. Given that the n strongly reduces when data are further partitioned by saccade latencies, the present analyses were conducted on the data from Experiments 1 and 2, but only for the seven individuals who participated in both experiments, and across distractor lengths. In addition, since the latency range of small-amplitude or refixation saccades differed from the latency range of target-directed saccades, the effect of saccade latency could not be tested separately for the two categories of saccades. (F (3, 18) = 3.46, p < .05), but the effect was greater at far eccentricities; the interaction was marginally significant (F (3, 18) = 1.96, p < .06). Of course, the fact that small-amplitude saccades had a latency shorter than long saccades contributed to the effect, but as noted above it could not be responsible for the whole effect of saccade latency.
In conclusion, despite variations in the procedure between Experiments 1 and 2, both studies presented the same overall pattern of findings. The effect of distractor length on initial landing sites was very similar, and the only major difference related to a reduced effect of distractor length on saccade latency. Thus, the overall undershoot tendency initially observed in Experiment 1 as well as failure to reveal a global effect with distractors shorter than five letters did not result from the masking procedure of Experiment 1. Replicating Experiment 1 actually allowed us to confirm the stability of the findings, and to further (40) Only instances where the eyes landed on the target-letter string or on the space in front of it were considered for analysis. test the impact of saccade latency on saccade accuracy (or speed-accuracy trade-off).
Experiment 3
In the first two experiments, foveal distractor strings less than five letters failed to deviate the eyes in a center-ofgravity manner, while longer distractor strings produced a global effect. Since target letters were presented within seven-letter strings, the possibility was envisaged that the global effect only occurred when distractor and target-letter strings were similar in length. To test this proposal, the present experiment replicated Experiment 2, but with target-letter strings composed of three instead of seven letters. At the same time, a larger range of target eccentricities (3, 5, 7, 9, and 11 letters) and foveal distractor lengths (1, 1-3, 1-5, 1-7, and 1-9 letters, respectively) could be tested. The prediction was rather straightforward. If similarity between distractor and target was a critical variable in the present experiments, then a global effect should be observed with shorter distractor strings (one to four letters) than in the first two experiments.
Presenting the target letter at the center of shorter letter strings also served to determine the origin of the effect of eccentricity reported in the first two experiments. If the effect reflected a systematic 10% undershoot (Becker, 1972; Henson, 1978) , then initial landing sites in the vicinity of the target-letter string should distribute the same way as in Experiments 1 and 2, at least if there was no range effect (or general bias towards the center of the range of eccentricities in the task; Kapoula, 1985; Kapoula & Robinson, 1986; Poulton, 1981) . In contrast, if the effect of eccentricity was related to a global effect and undershoot resulted from the eyes being deviated towards the first letters of the targetletter strings (Coëffé & O'Regan, 1987; Vitu, 1991a) , then undershoot should be less pronounced with three-compared with seven-letter strings and overshoot should be more likely particularly at close eccentricities.
Eight individuals participated in the experiment. Four had previously participated in Experiments 1 and 2, including the first three authors of the present paper. The other four participants were naïve with respect to the purpose of the experiment; they gave their informed consent before participation. They were university students between 20 and 30 years old and met the same criteria as the other participants. Fig. 9a -e display the distributions of initial landing sites by target eccentricity and foveal distractor length. For eccentricities greater than three letters, the distributions were again bimodal. Small-amplitude saccades landed mainly between Letters À1 (thus, left of the initial fixation point) and +3 when the distractor length was less than four to five letters, while many of them landed further to the right (or towards intermediate locations) in the presence of longer distractors. Saccades that landed in the vicinity of the target-letter string formed the second mode of the distributions for 5-to 11-letter eccentricities, while they formed the unique distribution for the three-letter eccentricity condition. The eyes often overshot the target letter when this was presented at an eccentricity of three letters, while the mode of the distributions in the five-letter eccentricity condition was aligned with target location. At greater eccentricities, undershoot became more frequent and greater in size, but the deviation of the eyes was smaller than in the first two experiments. Interestingly, most of the distributions corresponding to foveal distractor strings longer than four to five letters tended to be shifted leftward compared with the distributions associated with shorter distractor strings (see Fig. 9c-e) , hence replicating the center-of-gravity effect observed in the first two experiments with long distractor stimuli. The deviation became greater as distractor length increased.
Results
Initial landing sites
Observed distributions were again fitted to two Gaussians (see Eq. (1) above). Parameter values and goodness of fit are presented in Table 6 . Goodness of fit ranged between .96 and .99; it was greater than .98 in 19/25 conditions; poorest fit was obtained for two-and nine-letter distractors in the 11-letter eccentricity condition (.96 and .96, respectively) . The proportion of small-amplitude saccades (i.e., w s ) was relatively stable for distractor lengths between one and three to four letters, while it increased for distractor strings between five and nine letters; the trend was, however, weaker in the 11-compared with the 9-letter eccentricity condition. Estimates of means for short saccades (m s ) did not present consistent variations with distractor length, except when the distractors were longer than four to five letters; in those cases, the eyes tended to land further away from the fixation point as distractor length increased. In a similar manner, estimates of means for long saccades (m l ) did not vary for distractor lengths between 1 and 4-6 letters (depending on the eccentricity condition), while it decreased with longer distractors. On the other hand, there was no apparent effect of eccentricity on the estimated mean for small-amplitude saccades, while there was a clear effect for long saccades; the difference between estimated mean landing position and eccentricity increased with eccentricity, hence suggesting larger eye deviations at greater eccentricities. Interestingly, the differences observed here were smaller than in Experiments 1 and 2 where seven-instead of three-letter strings were presented (see Tables 1 and 3) .
To examine the repartition of small-vs. long-amplitude saccades in short-and long-distractor conditions, further analyses were conducted on the distributions of initial landing sites for each participant. This was done only in 9-and 11-letter eccentricity conditions. Clear bimodal distributions were again observed in nearly all individuals (6/8 and 7/8, respectively). The number of long-amplitude saccades was much higher than the number of small saccades in the short-length distractor category (length equal to or less than four letters). In the long-length category (length more than four letters), the number of long saccades dropped, while the number of small-amplitude saccades increased. For six of eight participants, the relationship between distractor length and saccade length was significant in both 9-and 11-letter eccentricity conditions (all significant v 2 s (1) P 5.59).
Refixations and target-directed saccades
To get an idea of where the eyes landed with respect to distractor and target stimuli, the proportion of within-distractor refixations and the mean landing position error of target-directed saccades were plotted by target eccentricity and distractor length. Results presented in Fig. 10a showed that the probability of refixating the distractor string increased with its length, but the effect was greater for distractors longer than about four to five letters. In the 11-letter eccentricity condition, both linear and quadratic trends were significant (F (1, 7) = 42.34, p < .0005, F (1, 7) = 14.35, p < .01, respectively), while only the linear trend was significant in 5-, 7-, and 9-letter eccentricity conditions (F (1, 7) = 9.63, p < .05, F (1, 7) = 59.50, p < .0005, F (1, 7) = 31.27, p < .001, respectively). In addition, there seemed to be no major effect of target eccentricity for distractor lengths less than about four to five letters. However, for longer distractor stimuli, there was a tendency for more refixations in close-compared with far-eccentricity conditions. When tested separately for different ranges of distractor lengths, the effect of eccentricity was significant only in the one-letter distractor condition (F (4, 28) = 2.96, p < .05; other F's 6 3.38). Still, the interaction between eccentricity and distractor length was significant in 1-to 5-and 1-to 7-letter distractor comparisons, but not for 1-to 3-letter distractors (F (6, 42) = 1.71, F (8, 56) = 4.38, p < .0005, F (6, 42) = 3.19, p < .01 for 1-to 3-, 1-to 5-and 1-to 7-letter distractor strings, respectively).
As shown in Fig. 10b , the mean landing position error of target-directed saccades (i.e., the saccades that landed on the target-letter string or on the space in front of it) increased with eccentricity at least for distractors shorter than six letters (F (4, 28) = 28.26, p < .0005, F (3, 21) = 16.26, p < .0005, F (2, 14) = 6.40, p < .01, F (1, 7) = 1.69 for 1-, 1-to 3-, 1-to 5-and 1-to 7-letter dis- tractor strings, respectively). On the other hand, there was no main effect of distractor length; a marginally significant quadratic trend was observed in the nine-letter eccentricity condition (F (1, 7) = 4.51, p < .07), and a marginally significant linear trend was found in the seven-letter eccentricity condition (F (1, 7) = 4.10, p < .08); other F's were less than 2.11. The lack of consistent and significant effects of distractor length came from the fact that only a very small part of the main distributions of initial landing sites were considered in the analyses; this prevented us to capture the effects of distractor length that were clearly visible on the distributions (see Fig. 9a -e and Table 6 ). Table 7 presents the mean latency of target-directed saccades as a function of eccentricity and distractor length. There was an overall tendency for saccade latency to increase with distractor length, but with some leveling-off around distractor lengths of four to five letters. Significant linear trends were found in all but the 11-letter eccentricity condition (F (1, 7) = 26.51, p < .001, F (1, 7) = 14.16, p < .01, F (1, 7) = 9.61, p < .05, F (1, 7) = 4.78, p < .07 for 5-, 7-, 9-, and 11-letter eccentricities); significant quadratic trends were present in both 5-and 11-letter eccentricity conditions (F (1, 7) = 5.95, p < .05, F (1, 7) = 8.25, p < .05; other F's 6 3.26). On the other hand, there was no significant effect of eccentricity except when one-to seven-letter distractors were considered for analysis (F (1, 7) = 14.39, p < .01; other F's 6 2.64): saccade latency was slightly longer in the 11-compared with the 9-letter eccentricity condition. In addition, saccade latency was on average Fig. 10 . Percentage of saccades that refixated the distractor (a) and mean landing position error of target-directed saccades (b; saccades landing on the target-letter string or on the space in front of it) as a function of distractor length and target eccentricity in Experiment 2. Parameters w s , s s , and m s were weight, SD, and mean estimates for smallamplitude saccades, and parameters w l , s l , and m l were weight, SD, and mean estimates for long-amplitude saccades.
Initial saccade latency
shorter for refixation-compared with target-directed saccades (206 ms vs. 243 ms).
Speed-accuracy trade-off
In Fig. 11a -e, landing position error was plotted by saccade latency separately for the five eccentricity conditions, but across distractor lengths. Correlation diagrams were similar to those obtained in Experiments 1 and 2. They revealed again a speed-accuracy trade-off; the proportion of overshoot and undershoot decreased with saccade latency. The correlation between latency and absolute landing position error was significant at the .0005 level in all eccentricity conditions (r's 6 27). Maximal accuracy was never reached before 300 ms for a three-letter eccentricity target, and before 400-500 ms for 5-to 11-letter eccentricity targets. Even after these rather long delays, the eyes did not exclusively land on target except when this was presented at an eccentricity of seven letters. In the two most extreme eccentricity conditions (3 and 11 letters), the overall overshoot and undershoot tendencies, respectively, were actually never completely resolved.
Also in accordance with the data of Experiments 1 and 2, two separate populations of saccades could be distinguished, but not as clearly as in the first two experiments. The first group of saccades had a small and relatively constant amplitude (between one and three letters as could be derived from the different eccentricity conditions); they were initiated early on, starting from about 80-100 ms from display onset and occurring until about 300 ms. The second group referred to as long saccades was triggered a little later (from about 125 to 150 ms until 400 to 600 ms) and landed in the vicinity of the target letter or in between distractor and target-letter strings. Long saccades (more than 3 letters) exhibited a clear speed-accuracy trade-off (all r's 6 À.10, p < .0005).
When correlation diagrams were plotted separately for the different distractor lengths in both 9-and 11-letter eccentricity conditions (not presented here), the distinction between small-and long-amplitude saccades was maintained, but a third population of saccades could be distinguished in 5-to 7-and 9-letter distractor conditions, respectively. These saccades landed at intermediate locations, hence reflecting center-of-gravity trends; they were triggered at about the same time as long-amplitude saccades.
Discussion
The first two experiments failed to reveal the presence of a global effect due to foveal distractor strings shorter than four letters. To determine whether this resulted from a lack of similarity between target and distractor strings, the length of the target-letter strings was shortened in the pres- (41) Only instances where the eyes landed on the target-letter string or on the space in front of it were considered for analysis. Fig. 11 . Diagrams of correlation between landing position error (in letters) and saccade latency (in ms) in the 3-(a), 5-(b), 7-(c), 9-(d), and 11-letter eccentricity (e) conditions of Experiment 3.
ent experiment (three letters instead of seven as in Experiments 1 and 2). Results failed to reveal any major change that would suggest a role of similarity in the likelihood of a global effect. Again, the distributions of initial landing sites exhibited two distinct populations of small-vs. longamplitude saccades, and distractors less than four to five letters failed to affect the landing sites of either small or long saccades; these only slightly enhanced the likelihood of one-to three-letter saccades. In contrast, distractors longer than four to five letters had an impact on saccade metrics and suggested center-of-gravity type effects. First, they increased the length of small saccades and reduced the extent of long saccades. Second, they inflated the proportion of small-amplitude or refixation saccades and this to a greater extent in close-eccentricity conditions or when distractor and target-letter strings were in close proximity (see Fig. 1b ). However, as noted above, proximity alone was not a sufficient condition to produce a global effect. The lack of a global effect with distractors shorter than about four letters was not due to a speed-accuracy tradeoff since saccade latency was shorter but not longer in those instances; saccade latency indeed increased with distractor length. As revealed in the 11-letter eccentricity condition, the effect was not completely linear, but showed an asymptote towards five-letter distractor lengths. This suggested again that the stimuli that failed to produce a global effect more greatly affected saccade latency and vice et versa (Walker et al., 1997) .
The only noticeable change that resulted from shortening the length of the target-letter strings appeared in the overall pattern of initial landing sites with target eccentricity. In Experiments 1 and 2, undershoot was quasi-systematic: the eyes landed relatively precisely on close targets (five letters) while they undershot far targets, with the deviation increasing with eccentricity. In the present experiment, far targets were also undershot, but the deviation was smaller than in Experiment 2. Furthermore, target overshoot was more pronounced, and this most particularly at close eccentricities (three and five letters). The present findings are inconsistent with the systematic 10% undershoot of target eccentricity reported in previous studies for the case of singleton targets (Becker, 1972; Henson, 1978) . They can neither be explained in terms of a range effect or general tendency to direct the eyes towards the center of the range of target eccentricities (Kapoula, 1985; Kapoula & Robinson, 1986 ; but see Nuthmann, Vitu, Kliegl, & Engbert, submitted; Vitu, 1991b) . Indeed, in all three experiments best accuracy was observed in fiveand seven-letter eccentricity conditions, while the range of target eccentricities in the present experiment (3-11 letters) was larger than in Experiments 1 and 2 (5-11 letters). Furthermore, the center of the range of saccade amplitudes (median of 4.75 letters) was smaller than in Experiments 1 and 2 (medians of 7.08 and 7.17 letters, respectively), which suggests that a bias towards saccades of shorter amplitude, hence increased undershoot should have been observed in the present experiment.
A more likely account for the effect of eccentricity on initial landing sites relies on the global effect. It assumes that undershoot and overshoot were due to the influence of the first and last letters in the target-letter strings, respectively. These letters acted as distractor elements, but with a different weight depending on their distance to the center of the fovea (Coëffé & O'Regan, 1987; Vitu, 1991a) . First letters had a greater weight than last letters, hence favoring the eyes to fall short of a far target particularly when this was embedded in a seven-letter string. At close eccentricities, overshoot was favored because letters to the right of the target letter contributed to a greater extent to computation of the center of gravity, and probably also because the first letters fall in a dead zone for the global effect.
In summary, the likelihood of a global effect in the present experiments was not influenced by the similarity between target and distractor stimuli, but depended mainly on the location of the distractor elements (or letters). Distractor elements within a three-to four-letter central zone failed to deviate the eyes in a center-of-gravity manner. In contrast, distractor elements displayed further towards the periphery significantly deviated the eyes, but with greater deviation arising from elements closer to the fovea. Thus, the global effect was not equally likely all along the horizontal axis.
General discussion
The global effect is a very robust phenomenon which has been shown in a wide variety of perceptual tasks, but mainly with pairs or groups of distractor and target stimuli displayed in the peripheral region. The present series of experiments investigated this effect with distractor elements displayed in the foveal region ipsilateral to a more peripheral saccade target. Since the role of foveal distractor elements is particularly pertinent for reading where foveal and peripheral regions are most often stimulated simultaneously, saccade targets were letters embedded in homogeneous letter strings, and distractor stimuli were homogeneous letter strings of variable length. Under the assumption that a global effect can arise due to foveal distractor stimuli, it was expected that presentation of a string of letters in the foveal region would deviate the eyes from the target letter, with the deviation increasing linearly with the length of the distractor string. Results did not entirely confirm this prediction, suggesting instead the existence of a dead zone for the global effect.
In almost all conditions, two populations of saccades were identified in response to simultaneous stimulation of foveal and peripheral regions; these were referred to as small-and long-amplitude saccades, respectively. Small saccades kept the eyes within the distractor region (i.e., refixations) and were initiated early on (within 80-300 ms from display onset at least when their length was less than four letters). Long saccades were more frequent and were launched a little later (from about 125 to 150 until 400 to 600 ms from display onset). They landed in the vicinity of the target letter, although showing great variability at least at early time intervals. Most often, the eyes overshot close targets and undershot far targets, with the deviation increasing with eccentricity.
Distractor length influenced both categories of saccades, but not in a continuous manner. When distractor strings were shorter than four to five letters, distractor length slightly increased the frequency of small-amplitude saccades, but it had no impact on the metrics of either smallor long-amplitude saccades, hence failing to reveal a global effect. Irrespective of distractor length and target eccentricity, small saccades landed between one and three letters away from the initial fixation point. In contrast, when distractor strings were longer than four to five letters, significant eye deviations were observed as a function of distractor length; these suggested a center-of-gravity effect or integration of information over the tail of the distractor and the target-letter string. First, the amplitude of long saccades was reduced, and the overall tendency for the eyes to fall short of target location was enhanced. Second, the frequency of small-amplitude saccades was further increased due to the execution of intermediate-length saccades in addition to the small-amplitude and early-triggered saccades of one to three letters.
Several controls were performed in order to ensure that failure to reveal a global effect with short foveal distractors did not result from potential confounding variables. These revealed that the present pattern of findings was unrelated to (1) proximity between distractor and target or the fact that distractor and target-letter strings were further apart as distractor length decreased (see Fig. 1a and b), (2) similarity or relative size of distractor and target-letter strings (see Experiments 1-2 vs. 3), (3) specific oculomotor scanning strategy due to the experimental procedure (see Experiments 1 vs. 2), and (4) a speed-accuracy trade-off which otherwise characterized the present data set. On the other hand, failure to reveal a global effect with short distractor stimuli was not due to the angular size of the stimuli per se (less than or equal to about 1°). Center-of-gravity trends were reported in many studies that involved distractor and/or target stimuli smaller than 1°(see for instance McSorley & Findlay, 2003) .
Thus, short distractor stimuli failed to produce a global effect because they were displayed in a specific region or dead zone. At this stage, two alternative assumptions can be envisaged. The first hypothesis assumes that the dead zone resulted from selective attentional processes and expectations on where task-relevant information was most likely to appear (Findlay & Kapoula, 1992; Vitu, 1991a) . Since target letters were never (as in Experiments 1 and 2) or rarely (4%: Experiment 3) displayed in a four-letter foveal window, information in this central region could be systematically filtered out and eye behavior could be defined with respect to information displayed in a peripheral window of interest. In contrast, the second hypothesis assumes that the dead zone was foveal and reflected visual and/or visuo-motor constraints associated with the central region of the retina.
The attentional hypothesis seems to us rather unlikely. First, if information within a central four-letter zone was systematically ignored, then the eyes should never land in that region and a three-letter eccentricity target should be systematically overshot. In contrast, the present data showed that in quite a few instances the eyes refixated the distractor string (even when this was shorter than four to five letters), and in about 42% of the cases in the threeletter eccentricity condition, the eyes undershot or landed precisely on the target letter (see Fig. 9a-e) . Second, small-amplitude saccades (less than four letters) were visually guided (i.e., their likelihood slightly increased with distractor length), and they probably occurred too late (up to 300 ms from display onset) to result from early failure of the filtering process and/or distractor capture (see Godjin & Theeuwes, 2002) . Furthermore, it would remain unclear in that framework, why the same distractors which captured the eyes on some trials did not deviate the eyes in a center-of-gravity manner on other trials. Finally, if spatial selection was dedicated to accurately guide the eyes to a peripheral target item, then it would most likely filter out all irrelevant information based on visual input; information about empty spaces is indeed available early on during the time course of an eye fixation (from about 175 to 200 ms from display onset; see Vitu, Lancelin, & Marrier d'Unienville, submitted) . In other words, according to the attentional hypothesis, distractor stimuli of whatever length should have no influence on the accuracy of longamplitude saccades; but as shown above, distractors longer than four to five letters produced center-of-gravity deviations.
The assumption of a foveal dead zone seems therefore more plausible. It assumes that due to the properties of visual and/or oculomotor systems, a global effect cannot occur when distractor stimuli fall within a central foveal region. The dead zone is therefore best described in degrees of visual angle, and according to the present findings it would extend approximately to about 1°from the center of the fovea (given that each letter and character space subtended .21°and .31°of visual angle, respectively). Since distractor length was manipulated by varying the number but not the angular size of the letters, concluding in favor of a neurophysiologically based foveal dead zone may appear to be premature. However, an observation similar to ours was previously reported for distractor elements of a different angular size (Vitu, 1991a) . In the study, pairs of isolated words were presented in peripheral vision, but simultaneously with random dot patterns displayed at variable locations above and below the first word of a pair. Distractor stimuli affected the distribution of initial landing sites in words, but not when they were presented above and below the region in front of the word. This region extended to about 0.9°to the right of the fixation point which is closer to the present estimate (about 1°) than the corresponding number of characters, only two (instead of four); a random dot distractor subtended about .6°of visual angle. On the other hand, the particularity of the central foveal region was noted in several previous studies. For instance, Kalesnykas and Hallett (1994) reported that saccades tended to be hypermetric and preceded by longer latencies when the target was displayed within a narrow central region of ±1.5°compared to when it was presented further away. This finding is actually consistent with the results obtained in the three-letter eccentricity condition of Experiment 3: saccades launched after 300 ms from display onset (or once one-to three-letter saccades were suppressed; see Fig. 11a ) overshot quasi-systematically the target location.
It must be noted that in contrast with the present view, Walker et al. (1997; see also Findlay, 1982) reported a global effect with ipsilateral distractor and target stimuli presented, respectively, at 4°and 0.5-2°eccentricities. However, their analysis was based on mean saccade amplitude, and the possibility remains that bimodal distributions characterized initial landing sites, with the eyes landing either on target or distractor but rarely at intermediate locations.
In the following sections, the nature of the neurophysiological processes that may underlie the foveal dead zone were investigated, and implications for eye-movement control in reading and other perceptual tasks were discussed.
A foveal dead zone for the global effect
In models of saccade generation, the global effect is assumed to result from distractor and target stimuli combining to produce a single peak of activity in the collicular map (Findlay & Walker, 1999; Godjin & Theeuwes, 2002; Trappenberg et al., 2001 ; see also Lee et al., 1988) . Cells at the level of the superior colliculus are indeed characterized with large and overlapping receptive fields, and averaging responses occur when two neighboring sites are stimulated. Conversely, it is reasonable to assume that when a global effect fails to occur, it is because distractor and target generate two separate peaks of activity. There are several reasons why this may happen when distractor stimuli are presented in the foveal region. First, it was shown that cells associated with foveal in comparison with peripheral retinal input are characterized with smaller receptive fields, and that their receptive field often extends in the ipsilateral visual field (Anderson et al., 1998; McIlwain, 1991) . The likelihood of overlapping with adjacent receptive fields, and hence averaging responses may in turn be minimized. Second, magnification of foveal information at both cortical and collicular levels (McIlwain, 1991; Rovamo et al., 1978) may enhance the weight and/or the attractiveness of the foveal stimulus. Alternatively, it may reinforce the distinctiveness between activity patterns associated with foveal and peripheral stimuli, and drive the eyes more easily to the peripheral target. Thus, when distractor and target stimuli are presented in foveal and peripheral regions, respectively, the eyes land either on distractor or target, but rarely at intermediate locations.
This line of argument is, however, not completely satisfactory. First, it can hardly account for the drastic change in the pattern of landing sites between distractor strings less and more than about 1°, at least without further neurophysiological elements. Second, and more critically, the present hypothesis cannot account for the observation that amplitude and latency tended to show a reciprocal relationship with distractor length (at least that saccade latency increased for distractors between one and four letters, while saccade amplitude remained unaffected). An alternative and complementary assumption relies on another distinction that operates in the deeper layers of the superior colliculus between neurons associated with foveal and peripheral regions, respectively. Neurons that are mainly found in the rostral pole region of the superior colliculus (which corresponds to the 2°region from the center of the fovea; Munoz & Wurtz, 1993a , 1993b ; but see Gandhi & Keller, 1999) are referred to as fixation neurons in opposition with saccadic neurons. The latter are mainly active prior to and during saccades, while fixation neurons discharge maximally during fixation, thus remaining silent during saccades. Fixation neurons mainly serve maintaining fixation. Their level of activity in comparison with that associated with saccadic neurons or more generally competition between 'fixate' and 'move' systems contributes to the determination of saccade latency (Findlay & Walker, 1999; Munoz & Fecteau, 2002; Trappenberg et al., 2001 ). In addition, fixation neurons are involved in the generation of small saccades, thus sharing some properties with saccadic neurons (see Gandhi & Keller, 1999; Munoz & Fecteau, 2002) .
In the present experiments, short foveal distractor strings (less than about 1°) failed to produce a global effect. However, their length influenced both the likelihood of small-amplitude saccades and the latency of long saccades. Their specific role could thus be attributed to competition between fixation and saccadic neurons. Stimulation of the foveal region probably increased the level of activity associated with fixation neurons (see Findlay & Walker, 1999; Walker et al., 1997) , which reduced in turn the likelihood of a saccade to the target region, and either favored the execution of a small and early saccade or prolonged saccade latency. Once activity in the fixation population was reduced, a saccade was initiated towards the target item, but its amplitude was no longer influenced by information displayed in the central foveal region, hence failing to reveal a global effect. In contrast, when foveal distractor strings extended further out towards the periphery or presumably towards regions associated with a lower density of fixation neurons, this mainly changed the pattern of activity within the move system. In that case, saccade latency was less likely to be influenced, but saccades were deviated towards intermediate locations, hence reflecting a global effect.
In sum, the likelihood of a global effect would not only depend on spatial coding and proximity between distractor and target, but it would also depend on retinal eccentricity and whether or not both stimuli generate activity in the same population of neurons. Center-of-gravity responses would only occur when the stimulus presented in the foveal region does not exclusively increase the level of activity in the fixation neuron population. In a reverse manner, saccade latency would depend on activity in the fixation system (see Findlay & Walker, 1999; Walker et al., 1997) .
Computation of saccade amplitude
Besides showing the existence of a foveal dead zone for the global effect, the present experiments revealed the influence of a number of variables on saccade amplitude. The first two variables were the respective lengths of distractor and target-letter strings. When distractor strings extended beyond the foveal dead zone, the general undershoot tendency was enhanced, with the deviation increasing with distractor length. Undershoot was also more likely and greater in size when target letters were presented at the center of sevencompared with three-letter strings (Experiments 1-2 and 3, respectively). It is reasonable to assume that the critical variable was the number of distractor letters in between the foveal dead zone and the target letter; the greater the number of intermediate characters, the greater was the deviation of the eyes with respect to the target letter. The third variable was the eccentricity of the target letter. Very close targets were most often overshot while others were undershot, with the deviation increasing with eccentricity.
The present findings are consistent with a center-of-gravity assumption, but suggest in line with earlier proposals that elements closer to the fovea are assigned a greater weight (Coëffé & O'Regan, 1987; Findlay, 1982; Vitu, 1991a) . Indeed, if all letters in the array contributed with the same weight to computation of the center of gravity, then target eccentricity alone would have no effect. Two factors may be responsible for a differential weighting of visual elements. The first one is the cortical magnification factor, or the fact that foveal information is better represented at collicular and cortical levels (McIlwain, 1991; Rovamo et al., 1978) . In addition, it may be that too distant elements do not influence saccade amplitude at all (see also Vitu, 1991a) . In the present studies, the set of letters closest to the fovea but outside of the foveal dead zone generated strong peaks of activity (due to cortical magnification), which most likely combined in a single peak biased towards the fovea. More peripheral letters generated relatively weaker signals and these were probably too weak and too far from the main site of activation to deviate the eyes in a significant manner. When the whole visual configuration was further shifted towards the periphery, the overall level of activity decreased, but for a greater number of letters, the related signals failed to reach a given threshold. In those instances, the center of gravity was computed on a smaller ensemble of letters, and the undershoot tendency was increased.
Accounting for computation of saccade amplitude in terms of a weighted center of gravity certainly oversimplifies the reality of the mechanisms involved as it illustrates only what happens at a given point in time. As shown in the present experiments, the global effect is not a general rule, and the weight associated with each visual element is not fixed but changes over time. Fig. 12 pictures these time-related changes in the saliency map. At early time intervals, the active region mainly corresponds to the central region of the fovea (i.e., the foveal dead zone) and exclusively favors the execution of small-amplitude saccades; at this point in time, the likelihood of a global effect is minimal. As time goes by, activity in the foveal zone progressively reduces, while more peripheral regions start becoming active. This favors the emergence of a second population of saccades directed towards more peripheral locations and skipping over the foveal dead zone. The saccades are characterized with great variability and are deviated towards a weighted center of gravity of the peripheral configuration. After about 300 ms, small saccades are completely suppressed and the variability associated with long saccades progressively reduces to favor maximal accuracy Fig. 12 . Schematic representation of time-related changes in the pattern of activation across the saliency map in response to visual stimulation in the right hemifield and along the horizontal axis ('0' corresponding to the center of the fovea or the location of the initial fixation point). At early time intervals (around 80-100 ms from display onset), the most active region is that corresponding to the central foveal region (or foveal dead zone of about 1°); it most likely triggers small-amplitude saccades. Later (after 150 ms from display onset), the level of activity in the foveal dead zone is less and other stimulated regions become active, hence favoring the occurrence of small-vs. long-amplitude saccades. Note that regions closest to the fovea (but outside of the foveal dead zone) present greater activation than more peripheral regions. Much later (between 300 and 600 ms), activity in the foveal dead zone is completely suppressed, and only a small region around the target element remains active, allowing saccades to become more and more accurate.
around 400-500 ms. An exception to that scheme may, however, happen when the saccade target is presented in the foveal region. In that case, the suppression of small-amplitude saccades favors target overshoot, and prevents saccades to be completely accurate even at later time intervals.
Implications for reading
In reading, the pattern of saccadic eye movements is far more complex and subject to greater variability than in simple oculomotor tasks. Some words receive a single fixation, others receive two or more consecutive fixations (a case that is referred to as within-word refixation), while a large number of words are skipped. In addition, there is great variability of initial landing sites in words. Recent models of eye-movement control in reading capture this variability of eye behavior quite well (Engbert, Nuthmann, Richter, & Kliegl, 2005; Reichle, Rayner, & Pollatsek, 2003) . However, as noted in a commentary, some of the models' principles may not reflect the reality of the visuomotor processes involved (Vitu, 2003) . The findings of the present study provide further support for this view.
Current models of eye movements in reading present fundamentally different views on the role of ongoing word identification processes and visual attention, but they all rely on a central and common assumption with respect to inter-word eye behavior Reichle et al., 2003; Reilly & Radach, 2003 ; but see Yang & McConkie, 2001 , 2004 . This assumption has two components as initially proposed by McConkie et al. (1988) : (1) the eyes aim for the center of peripherally selected target words or blobs, and (2) the variability of initial landing sites in words results from systematic and random error, with systematic referring to oculomotor range error (Kapoula, 1985; Kapoula & Robinson, 1986) . In a previous paper, we already challenged the saccade-target hypothesis (Principle 1). Our assumption was that the eyes move forward on the line of text in a center-of-gravity type manner without aiming for specific locations in specific words (Vitu, 2003 ; see also Jacobs, 1987; Yang & Vitu, 2006) . The present findings are consistent with this view.
In the experiments, the center of letter strings was explicitly defined as the saccade target, and its location was marked with a visually dissimilar letter. Yet, the eyes failed to land on target in many instances, and maximal accuracy was rarely reached before 400-500 ms from display onset (for similar findings see Coëffé & O'Regan, 1987; Jacobs, 1987) . The relative inaccuracy of saccades probably came from the complexity of letter-in-string stimuli. Indeed, McSorley and Findlay (2003) showed that saccades could be accurate after latencies as short as 250 ms when target and distractor stimuli were separated by visual angles as large as 3°. Since words are letter-in-string stimuli, saccades in reading may also require a minimum of 400 ms to accurately send the eyes to the center of words. This seriously questions the need of implementing a saccade-target mechanism in reading where fixation durations average around 225-250 ms and the center of words is not marked with a visually distinctive feature. Furthermore, the fact that perceptual localization and saccade amplitude seem to rely on different processes (the former does not show a global effect, while the latter does; Eggert, Sailer, Ditterich, & Straube, 2002) further weakens the saccade-target assumption. It thus seems more reasonable to assume that in a majority of instances in reading, the eyes do not aim for specific locations in peripheral vision, but are pulled forward by the visual material ahead of fixation.
Principle 2 or the assumption that systematic oculomotor range errors are responsible for the variability of initial landing sites in words may also need to be abandoned. This was initially proposed to account for the effect of launch site; the effect shows that the eyes overshoot the center of a word when they are launched from close to the beginning of the word, while they undershoot word center from further distances (McConkie et al., 1988; Nuthmann et al., 2005; Radach & McConkie, 1998; Vitu, O'Regan, Inhoff, & Topolski, 1995; Yang & Vitu, 2006) . In the present studies, eccentricity influenced initial landing sites in a manner quite similar to launch site: very close targets were overshot while far targets were undershot. The effect of eccentricity was unrelated to an oculomotor range error, and a center-of-gravity account seemed most appropriate (see also Coëffé & O'Regan, 1987) . Close targets were overshot because the eyes were pulled forward by the letters to the right of target, while far targets were undershot due to the influence of intermediate letters (or the letters between the foveal dead zone and the target letter). The same interpretation probably holds for the launch site effect in reading (see also Nuthmann et al., submitted; Vitu, 1991a Vitu, , 1991b . Indeed, it seems more reasonable to infer the processes at work in reading from data obtained with readinglike stimuli (i.e., letter strings) than from data obtained with singleton stimuli (i.e., the range effect; Kapoula, 1985; Kapoula & Robinson, 1986) .
Another issue that may be worth re-examining relates to intra-word eye behavior. In current models of eye-movement control in reading, within-word refixations are generally accounted for by the necessities of ongoing word identification processes, although the possibility is envisaged in several models that a few refixations occur in response to low-level visuo-motor processes Reichle et al., 2003; Reilly & Radach, 2003 ; see also Yang & Vitu, 2006) . In the present studies, presentation of a string of x's in foveal vision triggered the occurrence of small-amplitude saccades which kept the eyes in the foveal string. The likelihood of small saccades increased with the length of the string. A similar relationship was reported between within-word refixations and word length (Balota, Pollatsek, & Rayner, 1985; Vitu, McConkie, Kerr, & O'Regan, 2001; Vitu, O'Regan, & Mittau, 1990) , and it is very likely that the same processes underlie both types of saccades. The present data suggested that one-to three-letter saccades resulted from activation of the fixation system, while larger refixation saccades seemed to be due to a global effect. Activation of the fixation system and centerof-gravity trends may also be at the origin of a certain proportion of within-word refixations in reading.
Conclusion
The present series of experiments has confirmed that the eyes can be deviated from their saccade target by the simultaneous presentation of distractor stimuli. However, socalled center-of-gravity trends are absent when distractor stimuli do not extend further than about four letters or 1°from the center of the fovea. This foveal dead zone probably arises from activation of the fixation neurons at the level of the Superior Colliculus and suggests spatio-temporal discontinuities in the saliency map. It may have strong implications for eye guidance in natural perceptual tasks such as reading where foveal and peripheral regions often both contain visual information.
